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ABSTRACT 
The purpose of this study was to determine the optimal rest interval which produces the greatest 
postactivation potentiation (PAP) response during a squat jump (SJ) following a ballistic concentric 
only half squat (COHS). Twenty-four elite youth rugby players (18.4 ± 0.32 y, 181.4 ± 2.25 cm, 
90.0 ± 12.36 kg) visited the weight room on four separate occasions. During each potentiation 
session subjects performed a baseline SJ followed by 1 set of 2 repetitions of either a COHS or a 
half squat protocol at 90% of their 1RM or a control protocol followed by subsequent SJs at five 
rest intervals. These rest intervals were ~15 s, 2, 4, 6 and 8 minutes post the conditioning activity. 
Jump height (JH), peak force (PF), peak power (PP) and RFD were all measured during the SJs. A 
repeated measures ANOVA revealed there was no effect of rest interval on JH, PP, PF or RFD. 
There was a condition effect on PF, PP and RFD where the COHS and half squat conditions 
produced a greater amount of PF and PP compared to the control condition and the COHS 
produced a greater amount of RFD compared to the other two conditions. The optimal rest 
interval could not be identified as the length of the rest interval had no effect on the PAP response 
and the COHS was the most effective conditioning activity. Consequently, it was recommended 
that subjects self-select a rest interval up to 8 minutes between the COHS and the SJ. 
 
Key words: squat jump, power, relative strength, RFD 
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INTRODUCTION 
A strength-power potentiating complex (SPPC) consists of a conditioning activity, typically a high 
force output movement, followed by a rest interval, paired with a mechanically similar high velocity 
movement which is the performance activity (14). The conditioning activity produces a post-
activation potentiation (PAP) response which causes an increase in power output and RFD during 
the performance activity (8). The PAP response enhances the rate at which force is produced by 
three suggested mechanisms (18). The first possible explanation is that an increased 
phosphorylation of myosin light chains increases the number of cross bridge cycling per muscular 
contraction (25). A second potential reason is that enhanced motor-unit excitability causes an 
increase in neural activation (13) and a final explanation could be that the decrease in the pennation 
angle enhances the force transmission (33). 
 
Conflicting findings have been seen in SPPC research due to a number of factors (3). A variety of 
rest intervals has been used in past research. The balance between potentiation and fatigue is 
affected by the length of the rest interval which determines whether a PAP response is achieved 
(24). Initially, the conditioning activity generates fatigue but with the application of an appropriate 
rest interval a PAP response is produced which enhances the output during the performance 
activity (11, 33). When the rest interval is too short a decrease in performance is seen as fatigue is 
dominant (36). The fatigue is due to energy substrate depletion, metabolic accumulation and 
mechanical disruption (37). When the rest interval is too long no change in performance is 
produced as the PAP response is compromised (29). Past research has shown that a PAP response 
can occur between 30 seconds and 18 minutes after the conditioning activity (7, 15, 26, 37). The 
optimal rest interval depends on the load and volume of the conditioning activity and also the 
strength level of the subject (12, 29).  
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Previous research has involved subjects with varying strength levels and the different training 
status of the subjects has affected the PAP response (5, 15, 26). A stronger subject produced a 
greater PAP response compared to a weaker subject (15, 26) as stronger subjects have a greater 
amount of type II (33) fibres and thus have an augmented phosphorylation response (9) along 
with a more efficient neuromuscular system (12). Subjects with a greater relevant strength are more 
fatigue resistant having an increased buffering capacity and greater resistance to muscle damage 
(37) allowing them to produce a PAP effect earlier and to maintain this for longer as less fatigue 
is experienced from the conditioning activity compared to weaker subjects (27). In elite youth 
rugby players, stronger players who had a back squat relevant strength of 2.09 kg·kg-1 produced 
the greatest PAP response at 3 minutes and maintained this PAP effect for a further 9 minutes 
post the conditioning activity, whereas weaker players who had a back squat relevant strength of 
1.75 kg·kg-1 achieved the greatest PAP response at 6 minutes and only maintained this PAP effect 
for a further 6 minutes post the conditioning activity (26).  
 
Previous research has misinterpreted the role of the mechanical specificity of the conditioning 
activity in affecting the PAP response (14). The conditioning activity and the performance activity 
should share similar range of motions (ROM) (7), joint angles (6), muscle activation patterns (2), 
force-velocity characteristics (28) and direction of force (1) in order to maximise a PAP response. 
The type of muscular contraction of the conditioning activity affects the PAP response and thus 
needs to be similar in both the conditioning and the performance activities (1, 17, 28). Ballistic 
exercise requires the subject to perform the movement at a high velocity by accelerating through 
the concentric phase of the lift (20). Ballistic contractions increase neuromuscular activation by 
lowering the threshold of motor units (34) and require an increase in the neural drive allowing the 
entire motor neuron pool to be rapidly activated (10).  
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Recently, partial range movements have been selected as the conditioning activity to address the 
limitations of mechanical specificity (29). A ballistic concentric only half squat (COHS) has been 
combined with a squat jump (SJ) to construct a SPPC (30, 31, 32). Both the ballistic COHS and 
the SJ are mechanically similar and therefore it could be hypothesised that both generate force 
through the same neural pathway. Both create pre-tension in the lower limb removing the slack 
out of the muscle allowing an explosive vertical concentric-only motion to occur (35). Past research 
has shown that the length of the rest interval had no effect on the PAP response during a SJ 
following 1 set of 2 repetitions at 90% 1RM of a ballistic COHS (32). Similarly, in both strong and 
weak subjects the length of the rest interval separating a COHS and a SJ had no effect on the PAP 
response (31). However, a ballistic COHS produced a greater peak power (PP), peak force (PF) 
and jump height (JH) during a SJ compared to a non-ballistic COHS (30) but only one rest interval 
of 2 minutes was used in this study. Therefore, it is not clear whether the magnitude of SJ 
performance could be enhanced if a different rest interval was applied. The optimal rest interval 
between a ballistic COHS and a SJ has not been identified in past research (30, 31, 32). Running a 
similar study with a variety of rest intervals would identify what is the optimal rest interval which 
produces the greatest performance enhancement from a PAP response in a SJ post performing a 
ballistic COHS.  
 
The aim of this study is to identify the rest interval which produces the greatest performance 
output during a SJ following a ballistic COHS in elite youth rugby players.  
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METHODS 
Experimental approach to the problem 
During this quantitative, randomised, repeated-measures study each subject visited the weight 
room on four separate occasions to perform a half squat and a COHS one repetition maximum 
(1RM) testing protocol and three potentiation testing protocols. Each potentiation testing protocol 
involved a baseline SJ, then a conditioning activity of either a control, half squat or a COHS, 
followed by subsequent SJs at ~15 s, 2, 4, 6 and 8 minutes after the conditioning activity. A 
repeated measures ANOVA was used to compare performance variables between rest intervals 
and conditions and a Bonferroni post hoc analysis was used to establish where the differences 
occurred following significant effects. The 1RM testing and potentiation protocols which were 
used in this study are similar to that of previous potentiation research (30). 
 
Subjects 
Twenty-four male youth elite rugby players volunteered to take part in this study (Table 1). Prior 
to taking part each subject completed a health and medical questionnaire and provided written 
informed consent. The study was approved by the St Mary’s University Ethics Committee. All 
subjects were 18 years old or above and met the inclusion criteria of performing a minimum of 
two total body strength sessions a week with training loads ranging from 70 - 95% of their 1RM, 
having a strength training age of a minimum of a year and being able to competently perform a 
half squat, COHS and SJ. If subjects did not meet the inclusion criteria they were asked to 
withdraw from the study. Subjects were asked to refrain from strenuous exercise 72 hours prior 
to a testing session and from caffeine 24 hours prior to a testing session. 
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Table 1. Anthropometrics and physical characteristics of subjects (n=24; mean ± SD). 
Variable Mean ± SD 
Age (y) 18.4 ± 0.32 
Height (cm) 181.4 ± 2.25 
Body Mass (kg) 90.0 ± 12.36 
Training Age (y) 1.6 ± 0.40 
1RM Half Squat (kg) 185 ± 19.72 
Relative Half Squat 1RM (kg×kg-1) 2.1 ± 0.25 
1RM COHS (kg) 185 ± 28.17 
Relative COHS 1RM (kg×kg-1) 2.1 ± 0.35 
*1RM = 1 Repetition Max 
 
Procedures 
One repetition maximum half squat and concentric only half squat testing session 
The primary purpose of the first testing session was to establish each subject’s half squat and 
COHS 1RM. The secondary purpose was to familiarise the subjects with the potentiation testing 
procedure. Before the 1RM testing session began each subject established their individual squat 
depth that would be achieved during the half squat and the correct bar height at which they would 
commence the COHS. To establish their individual squat depth each subject entered the lifting 
cage (Power Rack; Matrix Fitness, Stoke-on-Trent, United Kingdom), placed the Olympic barbell 
(Eleiko Sport, Halmstad, Sweden) onto their upper trapezius achieving a high bar squat position 
and then squatted down to a knee angle of 90°. This knee angle was verified by a goniometer. At 
this squat depth, a band (41" Green Resistance Band; Strength Shop, Motherwell, United 
 13 
Kingdom) was placed across the lifting rack making contact with the bottom of each subject’s 
gluteus maximus indicating the bottom position of their half squat. The height of the band was 
noted for every subject and the band was then removed. To establish their individual start position 
for the COHS, each subject entered the lifting rack and achieved a high bar squat position and 
squatted down to a knee angle of 90° which was verified by a goniometer. At this squat depth, the 
safety pins of the rack were moved appropriately so that the barbell was resting on them indicating 
the correct start position for the COHS. The height of the safety pins was noted for every subject.  
 
After establishing the correct squat depth and bar height for each subject, the safety pins were 
removed so that the subjects could begin their general warm up. This consisted of 2 sets of 10 
repetitions of a barbell complex (overhead squat, split squat and good morning), interspersed with 
2 sets of 20 second holds of a kneeling hip flexor stretch. Subjects then performed a specific half 
squat warm up which consisted of 2 sets of 5 repetitions at 30% and 50%, 1 set of 3 repetitions at 
75% and a single repetition at 90% of their approximate half squat 1RM. A 2 minute rest interval 
was provided after the first and second warm up sets and a 4 minute rest interval was issued after 
the third and fourth warm up sets as well as after each 1RM attempt. A minimum of 2.5 kg was 
increased per 1RM attempt and the load was progressively increased until failure. Failure was 
classed when the subjects could not lift the load through the full ROM. All half squat repetitions 
were performed by the subjects squatting down to the band placed across the lifting rack.  The 
band was a bespoke marker for each subject to ensure that the same squat depth was reached 
consistently and that the barbell was never unloaded during any phase of the lift. A supervisor who 
was United Kingdom Strength and Conditioning Association (UKSCA) accredited was located 
lateral to the lifting cage assessing that each subject’s glutes touched the band and that the 
appropriate squat depth was reached in every repetition. An additional UKSCA accredited 
supervisor spotted each subject from behind during every 1RM attempt.  
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After performing the last repetition of the half squat 1RM testing protocol, subjects were given a 
10 minute recovery period. Following this rest interval, the safety pins were moved to the 
appropriate height for each subject so that they were in the correct starting position for the COHS. 
The subjects next performed a specific COHS warm up which was identical to the half squat 
specific warm up and followed the same rest intervals between sets. Each subject started from a 
90° knee angle with the barbell resting on the safety pins for every repetition of the COHS. This 
start position was held for approximately 1 second before the subjects executed the concentric 
only movement. Two supervisors were located lateral to the lifting cage, spotting each subject.  
After performing the last repetition of the COHS 1RM protocol, subjects were given a 10 minute 
recovery period.  Following this recovery period every subject performed 1 set of 5 repetitions of 
the three different potentiation protocols (control, half squat and ballistic COHS). The ballistic 
COHS was performed in the same way as the COHS (non-ballistic) but during the ballistic version 
the subject finished every repetition with an explosive plantarflexion of the foot to ensure that the 
barbell accelerated through the full range of motion. The barbell remained in contact with each 
subject’s upper trapezius throughout the entire lift. The control potentiation protocol was 
performed in the same manner as the ballistic COHS but with the subject holding a PVC pipe in 
a high bar squat position. 
 
Potentiation testing session 
Each potentiation testing session included either a control, a ballistic COHS or a half squat as the 
conditioning activity. There was a minimum of 72 hours between each of the potentiation testing 
sessions and they were performed in a random order to prevent an order effect (Figure 1). The 
three potentiation testing sessions were performed in a similar manner to each other. Subjects 
performed the same general warm up and specific warm up as in the previous 1RM testing session. 
Following the general warm up each subject performed a 75% and 90% submaximal SJ followed 
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by a maximal SJ which was their baseline. After a 2 minute rest interval each subject performed a 
SJ by squatting to a knee angle of 90°, verified by a goniometer, held that position for a 3 count 
and then jumped as high as possible without any countermovement or dipping of the chest. The 
subjects performed each SJ holding a PVC pipe in a high bar squat position.  
 
                                               1 Week 
                                                                  
  
                             
 
 
 
 
 
Figure 1. Schematic of the study design. 1RM = one repetition maximum; COHS = concentric 
only half squat. 
 
10 minutes after the baseline SJs subjects performed either the control potentiation protocol or 
their specific warm up of either the ballistic COHS protocol or half squat protocol depending on 
which potentiation testing session they were about to perform. The rest intervals between each 
warm up and 1RM attempt were identical to the previous 1RM testing session. The control 
potentiation conditioning activity consisted of 2 repetitions of the ballistic COHS holding a PVC 
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pipe in a high bar squat position, the ballistic COHS potentiation protocol and half squat protocol 
consisted of 2 repetitions at 90% of their established COHS and half squat 1RM. Following the 
last repetition of the conditioning activity each subject left the rack and executed a SJ (within 15 
s) and on every 2 minutes thereafter for 8 minutes. Each SJ was performed by the subject squatting 
to a knee angle of 90°, holding this position for a 3 count and then jumping as high as possible in 
a concentric only motion with no dipping of the chest holding a PVC pipe in a high bar squat 
position. 
 
Every SJ repetition was performed on two separate force plates which were placed together (each 
separate force plate 370 mm x 370 mm; PS-2141; PASCO, Roseville, CA, USA) where ground 
reaction force (GRF) from each SJ was collected and analysed using a data acquisition software 
system (PASCO Capstone Software, Roseville, CA, USA). A sample rate of 1000 Hz for 5 seconds 
was used for all jumps and the force plates were calibrated prior to every testing session. Body 
weight for each subject was quantified by averaging the first second of the force trace (4). The 
force trace data was then analysed to calculate PP, JH, RFD and PF for every jump. Power output 
during the propulsive phase of the jump was calculated by the following equation: 
Power (W) = Vertical GRF (N) x Velocity of Centre of Mass (m·s-1) 
PP was identified as the greatest power value produced during the concentric phase of the jump. 
Vertical GRF was used to determine JH, by the use of the following equation (4): 
Jump Height (m) = Maximal Velocity of Centre of Mass2 (m/s)/ Gravity2 (9.812) 
JH was defined as the maximal displacement achieved between the start of the jump and take off. 
Start of the jump was identified as 10 ms after the force value went ± 5 SD of the subject’s body 
mass (22). Take off was identified when the vertical GRF dropped below <10 N (4). RFD was 
calculated by maximum GRF / time to maximum GRF during the propulsive phase of the jump.  
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Statistical analysis 
Statistical analysis was performed by the use of SPSS (v 24.0; SPSS Inc., Chicago, IL, USA). 
Statistical significance was reported when p < .05. A series of 3 (condition) x 6 (time) repeated 
measures ANOVA was used to determine if there was a difference between PP, JH, RFD and PF 
during the SJ between the six rest intervals and the three testing conditions. When significant 
effects (p<.05) were produced a Bonferroni post hoc analysis was used to establish where these 
differences occurred. A two-way mixed model was used to calculate intra-class correlation 
coefficients (ICCs) to determine the test-retest reliability of PP, JH, RFD and PF during the 
baseline SJs of the three conditions. 
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RESULTS 
During the baseline SJs in the three potentiation testing sessions the ICCs for PP was 81 (very 
good), PF was 0.88 (very good), RFD was 0.22 (very poor) and JH was 0.79 (good). The effect of 
the control, half squat and COHS conditions at the six time points on PP during a SJ are presented 
in figure 2 where there was a main effect of condition on PP (F (2, 46) = 7.521; p = 0.001). A 
Bonferroni post hoc analysis identified that the COHS (p = 0.017) and the half squat condition (p 
= 0.006) produced a greater amount of PP compared to the control condition (Table 2).  
 
Figure 2. Peak power at baseline and the five rest intervals during the control, half squat and 
COHS conditions. Values are mean ± SD. 
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Table 2. SJ performance variables for each of the control, half squat and COHS protocols (n = 
24: mean ± SD). 
 Control Half Squat COHS 
Jump Height (m) 0.32 ± 0.05 0.32 ± 0.01 0.32 ± 0.05 
Peak Power (W) 4039.06 ± 65.38 4258.94 ± 54.48† 4293.81 ± 34.19* 
RFD (N/s) 6958.89 ± 358.17 7071.25 ± 298.76 8151.83 ± 363.42† # 
Peak Force (N) 1974.23 ± 31.99 2064.45 ± 8.87* 2102.79 ± 23.52† 
†: p < 0.00 from control condition; *: p < 0.05 from control condition; # p < 0.05 from half 
squat condition. 
 
There was a main effect of condition on PF (F (2, 46) = 8.473; p = 0.001) where the COHS condition 
(p=0.005) and the half squat condition (p=0.028) produced a greater amount of PF compared to 
the control condition (Table 2).  
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Figure 3. Peak force at baseline and the five rest intervals during the control, half squat and COHS 
conditions. Values are mean ± SD. 
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Figure 4. RFD at baseline and the five rest intervals during the control, half squat and COHS 
conditions. Values are mean ± SD. 
 
There was no main effect of condition on JH (F (2, 46) = 0.379; p = 0.686; Table 2). There was no 
main effect of rest interval on PP (F (5, 115) = 1.288; p = 0.274), PF (F (5, 115) = 0.346; p = 0.884), 
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Figure 5. Jump height at baseline and the five rest intervals during the control, half squat and 
COHS conditions. Values are mean ± SD. 
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DISCUSSION 
The main finding of this study was that the optimal rest interval separating a COHS and a SJ which 
produces the greatest PAP response in elite youth rugby players could not be identified. A 
secondary finding was that the COHS was the most effective conditioning activity to enhance SJ 
performance output compared to the control and half squat protocols. 
 
The results of this study revealed that the five different rest intervals post the conditioning activity 
did not affect the PAP response during the subsequent SJs. Similarly, Suchomel et al. (31) did not 
produce a rest interval effect in both strong or weak subjects when rest intervals were provided 
immediately after a ballistic COHS and every minute thereafter for 10 minutes.  In agreement, 
Suchomel et al. (32) revealed that a ballistic COHS failed to produce a PAP response during a SJ 
at any of the rest intervals from ~15 s up to 10 minutes post the conditioning activity. On the 
contrary, Suchomel et al. (30) identified that a 2 minute rest interval produced a PAP effect during 
a SJ following a ballistic COHS but 2 minutes was the only rest interval provided.  
 
A potential reason why there was no effect of the rest interval on the PAP response during a SJ in 
this study was that the volume load of the conditioning activity did not create enough stimulus to 
elevate the potentiation effect. The optimal volume load of the conditioning activity has to be large 
enough to stimulate the mechanism of PAP without generating too much fatigue (29). Volume 
loads of between 426.6 – 1,620 kg in a back squat provided an intense enough stimulus to produce 
the most effective potentiation response during a vertical jump in rugby players (6, 15, 16, 26). The 
volume load in this study was 333 kg. In past research a COHS protocol of 2 repetitions at 90% 
1RM with volume loads of between 306.2 – 386.2 kg failed to produce a rest interval effect on the 
PAP response during a SJ (31, 32). It could be speculated that a volume load of at least 426.6kg is 
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required in a squat movement to drive a rest interval effect on the PAP response during a vertical 
jump, although further research is required to confirm this. Running this study again with 3 
repetitions at 90% 1RM would increase volume load and confirm whether a rest interval effect on 
the PAP response would occur.  
 
Possibly another reason why this study failed to produce a rest interval effect on the PAP response 
was that a rest interval longer than 8 minutes was not applied. In rugby players following 1 set of 
3 repetitions of a back squat at between 90 – 95% 1RM a PAP response was produced during a 
vertical jump between 8 – 12 minutes after the conditioning activity (6, 15, 16, 26). It could be 
hypothesised that the maximal PAP response would have occurred after 8 minutes in elite youth 
rugby players. However, it is highly speculative that this would have occurred following the COHS 
protocol in this study. When the optimal rest interval occurred during the 8 – 12 minutes time 
block there was always an initial drop in performance of the vertical jump following the 
conditioning activity (6, 15, 16, 26). However, Suchomel et al. (31) had no decrease in performance 
during the SJ immediately after the COHS and this could be a reason why no PAP response 
occurred at any of the 10 rest intervals. Likewise, Suchomel et al. (32) produced the same pattern 
of potentiation and fatigue and this again could be a reason why no rest interval effect on the PAP 
response occurred. In this study there was no initial drop off in performance immediately post the 
conditioning activity and no PAP effect occurred at any of the rest intervals provided. This 
highlights the fact that the conditioning activity must provide enough stimulus to generate a 
sufficient amount of fatigue to cause an immediate drop in performance during the vertical jump 
in order for a PAP response to be elicited in the subsequent jumps (7). It could be concluded that 
the reason why no PAP response occurred at any of the rest intervals in this study was because 
the volume load of the conditioning activity was not great enough and was not because there was 
no rest interval longer than 8 minutes. 
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The strength level of the subjects could have been another reason why this study failed to produce 
a rest interval effect on the PAP response. The subjects in this study had a 2.1 kg·kg-1 relative 
COHS 1RM and in past research subjects had a relative COHS strength of between 2.0 - 2.5 kg·kg1 
but no rest interval effect on the PAP response was produced (31, 32). This could suggest that the 
subjects must have a relative COHS strength of greater than 2.5 kg·kg-1 in order to produce a rest 
interval effect on the PAP response. However, relative back squat strength is a better indicator to 
differentiate the strength levels of subjects rather than the relative strength of a partial range squat 
movement (7). A predicted back squat relative strength of 1.64 kg·kg-1was calculated for this study. 
(This was done by initially predicting the subject’s back squat 1RM by dividing their COHS 1RM 
by 0.8 (30). Then to calculate their predicted back squat relative strength their body mass was 
divided by their predicted back squat 1RM). Rugby players with a relative back squat strength of 
1.5 – 2.1 achieved a PAP response at 3, 4 and 8 minutes during a vertical jump following a heavy 
squat movement (6, 16, 26). The subjects in this study had a relative back squat strength within 
the range of relative strength of rugby players who successfully produced a rest interval effect on 
the PAP response during a vertical jump (6, 16, 26).  It could be postulated that the strength level 
of the subjects in this study was sufficient to produce a rest interval effect on the PAP response 
during the SJ. 
 
The COHS and the half squat conditions produced a greater amount of PF and PP compared to 
the control condition. An enhancement in PP is expected as a substantial amount of past research 
has shown that a PAP effect increases PP (25). However, an enhancement in PF is less common 
(33). The COHS produced a greater amount of RFD compared to the half squat and the control 
condition. Although an electromyography (EMG) test was not used in this study to measure 
muscle activation we can conjecture on the mechanisms of how an increase in RFD during the SJ 
occurred following the COHS. One explanation is that the ballistic aspect of the COHS lowered 
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the threshold of high threshold motor units (34) and the strong neural drive sent during the 
contraction (10) ensured that the motor units were recruited rapidly to their fullest extent. 
Alongside this, another possible explanation for the enhanced PAP response after the COHS is 
the increase in the phosphorylation of myosin regulatory light chains caused by the concentric only 
motion (14). Research has revealed that the contractions involved during the conditioning activity 
effect the mechanism of PAP (33). The phosphorylation of myosin light chains caused the actin-
myosin interaction to be more sensitive to the calcium which was released from the sarcoplasmic 
reticulum (23). This increase in sensitivity caused an enhancement of the interaction of both actin 
and myosin enhancing cross bridge cycling which increased the amount of force and the rate at 
which the force was produced per muscular contraction (14). It is suggested that the enhanced 
PAP response from the COHS was produced from a combination of central and peripheral 
mechanisms.  
 
Another possible reason why the COHS produced a greater amount of RFD during the SJ 
compared to the half squat and control was due to mechanical specificity. The COHS was 
mechanically more similar to the SJ than both the half squat and the control (30). The specific 
joint angles and the ROM need to be similar between the conditioning activity and the 
performance activity (6, 19). This ensures that the alpha motor neurons which are stimulated 
during the conditioning activity are the same as those recruited during the performance activity 
(2). During the COHS, motor units followed the same recruitment pattern as in the SJ as both 
started with the same hip, knee and ankle angles and both accelerated through the same ROM, 
whereas this was not the case between the half squat and the SJ. During the half squat the subjects 
went through a larger ROM due to the eccentric motion of the lift and not starting with the same 
hip, knee and ankle angles as the SJ. The conditioning activity needs to produce force through the 
same neural pathway as used during the performance activity to achieve a maximal PAP response 
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(2).  It has been proposed that force during the COHS was produced by the removing of slack 
from the muscle by generating pre-tension and concentrically accelerating through the full ROM 
(35) whereas the eccentric motion of the half squat stimulated the proprioceptors within the 
muscle which enhanced force output in the following concentric motion by the utilization of the 
SSC and the stretch reflex response (21, 37). This seems a logical explanation of the neural pathway 
through which force was produced during the COHS as force production through a stretch reflex 
and utilization of the SSC is not plausible due to the lack of eccentric contraction in the movement. 
The neural pathway through which force was generated was more similar between the COHS and 
the SJ than the neural pathway through which force was produced in the half squat and the SJ. 
The force-velocity characteristics of the conditioning activity needs to be similar to those of the 
performance activity to produce a maximal PAP response (1, 28). The conditioning activity was 
not performed on a force plate in this study so we can only speculate on the force-velocity profile 
of each movement.  The SJ was a low force high velocity movement and the COHS was a ballistic 
movement and was performed at the highest velocity possible (17, 21) and thus was a high force 
moderate velocity movement whereas the half squat was a high force low velocity movement. It 
is proposed that the COHS was performed at a higher velocity than the half squat so consequently 
can be classed as a high force moderate velocity movement. It can be suggested that the COHS 
produced a force-velocity profile which was more similar to the SJ (30).  It can be hypothesised 
that the COHS produced a greater amount of RFD than the half squat because the COHS was 
more mechanically similar to the SJ as it shared the same joint angles, accelerated through similar 
ROM, produced force through the same neural pathway and had a closer force-velocity profile.  
The ballistic nature of the COHS and the fact that it was more mechanically similar to the SJ is the 
proposed reason why the COHS produced a greater amount of RFD during the SJ than the half 
squat and control protocols.  
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Practical application 
Confirmation of the optimal rest interval between a ballistic COHS and a SJ is crucial when 
devising a training regime for professional rugby players. Commonly strength and conditioning 
coaches are allocated 45 minutes to an hour per weight session within the professional rugby 
environment (27). Therefore, it is important that no unnecessary time is wasted by using sub-
optimal rest intervals. Identifying the optimal rest interval which enhances the players’ 
performance output during a vertical jump is beneficial for their long term training adaptation. 
From the findings of this study no specific PAP programme can be developed with an exact rest 
interval which will produce a maximal PAP response during a SJ following a COHS in elite youth 
rugby players. However, the findings have established that a COHS produces the greater PAP 
response during a SJ compared to a half squat. Hence, the optimal rest intervals are highly 
individualised in elite youth rugby players and therefore it is recommended that the players auto-
regulate and self-select a rest interval up to 8 minutes between the COHS and the SJ. 
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Appendices 1: Ethics Approval form 
 
 
Approval Sheet 
Name of applicant: Joshua Rowlands  
  
Name of supervisor: Hayley Legg 
 
Programme of study: Masters degree in Strength and Conditioning Science  
 
Title of project: Optimal recovery time for post-activation potentiation following a ballistic 
concentric only half squat in elite youth rugby players 
 
Supervisors, please complete section 1 or 2. If approved at level 1, please forward a copy of 
this Approval Sheet to the School Ethics Representative for their records. 
 
SECTION 1 
Approved at Level 1 
Signature of supervisor (for student applications) .....  
 
Date..... ...... ..............Jan 10th 2018...................................................... 
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SECTION 2 
 
Refer to School Ethics Representative for consideration at Level 2 or Level 3 
 
Signature of supervisor.... ...... 
 
Date............... 
 
SECTION 3 
 
To be completed by School Ethics Representative 
 
Approved at Level 2 
 
Signature of School Ethics Representative................................................................................... 
 
Date............................................................................................................................................... 
 
SECTION 4 
 
To be completed by School Ethics Representative. Level 3 consideration required  byt the 
Ethics Sub-Committee (including all staff research involving human participants) 
 
Signature of School Ethics Representative................................................................................... 
 
Date............................................................................................................................................... 
 
Level 3 approval –  confirmation will be via correspondence from the Ethics Sub-Committee 
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Appendices 2: Information Sheet 
      
 
 
Dear participant, 
You are invited to take part in a research project for my masters degree in Strength and Conditioning Science. 
The title of the project is “Optimal recovery time for post-activation potentiation following a ballistic concentric 
only half squat in elite youth rugby players”. The purpose of the study is to determine the rest interval which 
produces the greatest performance output during a bodyweight squat jump (performance activity) following 
a ballistic concentric only half squat (condition activity) in elite youth rugby players. The results of the study 
will be written up in journal format and submitted as a component of the MSc dissertation project St Marys 
University, Twickenham. 
To participate in this study you will be an elite youth male rugby player over the age of 18 years old. You will 
be playing at a Senior Academy or Semi-professional level. Participants must regularly perform a minimum 
of two total body strength sessions a week, have a strength training age minimum of 1 year and must all be 
able to perform competently a full depth back squat and a squat jump. Participants must have a back squat 
relative strength of above 1.5 times body weight. 
Whether or not you take part in this study is entirely up to you. If you decide to take part you will be given this 
information sheet to keep and asked to sign a consent form and PAR-Q form. Participants are free to 
withdraw at any time. You will be involved for a period of four weeks. Testing will commence on January 2nd 
2018. There will be four testing sessions with one week separating the first test session from the following 
three testing sessions. There will be a minimum of 72 hours between each of the last three testing sessions. 
All data collection will be completed by January 29th 2018.  
The first testing session will consist of a half squat one repetition maximum (1RM) protocol followed by a 10 
minute rest interval and then a concentric only half squat (COHS) 1RM protocol. The following three 
potentiation testing sessions will consist of a body weight squat jump (baseline jump) followed by a 10 minute 
rest interval and then either a control conditioning activity, a ballistic-COHS or a half squat (conditioning 
activity). Immediately (~15s) following the control conditioning activity, the ballistic-COHS or the half squat a 
maximal effort bodyweight SJ (performance activity) will be performed and be repeated every 2 minutes 
thereafter for 8 minutes. Participants will perform the potentiation testing sessions in a random order. 
Participants will be asked to refrain from strenuous exercise 72 hours prior to all testing sessions and to 
refrain from the consumption of caffeine and alcohol 24 hours prior to all testing sessions. All testing will be 
performed at the weight room of the Parc y Scarlets stadium and sessions will last no more than 60 minutes. 
All your personal information will be kept strictly confidential. All data collected will be stored electronically 
on a file which requires a password to access. Group data will be analysed and the research project will be 
completed (no later than May 12th 2018). The overall results will be summarised and emailed to all 
participants. You will not be identified individually, your participation will remain anonymous. The benefits for 
taking part in the study will be that you will know your lower body strength levels and what the optimal rest 
interval is which separates a ballistic concentric only half squat and a squat jump to maximise your 
performance. 
For more information, you can contact me via my email 111870@live.stmarys.ac.uk.  
Supervisor: Hayley Legg (Hayley.legg@stmarys.ac.uk) 
Thank you 
 
Josh Rowlands  
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Appendices 3: Consent Form 
 
 
 
 
Name of Participant: _________________________________________ 
Title of the project:  Optimal recovery time for post-activation potentiation following a ballistic 
concentric only half squat in elite youth rugby players 
Main investigator and contact details:  Josh Rowlands 07738570704 
Members of the research team: 
1. I agree to take part in the above research.  I have read the Participant Information Sheet 
which  is attached to this form.  I understand what my role will be in this research, and all my 
questions  have been answered to my satisfaction. 
2. I understand that I am free to withdraw from the research at any time, for any reason and 
 without prejudice. 
3. I have been informed that the confidentiality of the information I provide will be safeguarded. 
4. I am free to ask any questions at any time before and during the study. 
5. I have been provided with a copy of this form and the Participant Information Sheet. 
 
Data Protection:  I agree to the University processing personal data which I have supplied.  I agree to 
the processing of such data for any purposes connected with the Research Project as outlined to me. 
Name of participant (print) ………………………………………………………………………….     
Signed……………….…………………                                     
Date…………………………......... 
--------------------------------------------------------------------------------------------------------------------------- 
If you wish to withdraw from the research, please complete the form below and return to the main 
investigator named above. 
Title of Project: ___________________________________________________________ 
 
I WISH TO WITHDRAW FROM THIS STUDY 
 
Name: _________________________________________ 
 
Signed: __________________________________        Date: _____________________ 
